I. INTRODUCTION
Fast neutron radiography (FNR) is a potentially useful imaging technique for thick objects especially composed of hydrogenrich materials which are difficult to get image with thermal neutron radiography (TNR) and it is also useful for compound specimens of light and heavy elements which are difficult for X-ray radiography.
In the past years, a few works have been made on this subjects(1)- (4) . Recently Dumke & his collaborators reported a series of FNR studies(5)- (7) , in which a track etch method with cellulose nitrate films was used. In the baby-cyclotron neutron radiography facility of the Japan Steel Works (JSW), an FNR using the CR39 track etch method was developed for inspecting the large device for a space launch vehicle of H-2 type (8) . With this device it was required about 7 h (2 h of irradiation time, 2 h of etching time and 3 h of drying time)
to get a imaging result.
A television imaging system for FNR (FNR-TV) has been developed using the fast neutron source reactor "YAYOI" of the University of Tokyo (9 The aim of this study is to examine the feasibility of the FNR-TV system to lower neutron flux of the baby-cyclotron in JSW. For this purpose FNR-TV imaging results are compared with the imaging results of the CR39 track etch method and with the FNR-TV imaging results obtained in YAYOI.
II. FNR FIELD JSW AND FNR-TV SYSTEM
The baby-cyclotron accelerates proton beams of about 50 mA up to 16 MeV, and produces fast neutrons by Be(p, n) reaction. The peak energy of the fast neutrons with a continuous spectrum was estimated to be around 1 to 2 MeV (8) The imaging position of the FNR-TV was located at 2.5 m distant from the target as shown in Fig. 1 . An inverse square curve fitted to the measured values was also indicated in the figures.
The FNR-TV system shown in Fig. 3 is basically the same system as the current thermal neutron television system (10) . The system was equipped with a high-sensitivity TV camera Hamamatsu C-1000 with a silicon intensifier target (SIT) tube. Nippon Avionics Image SIII was used for the imaging processing system and NEC PC9801 personal computer was connected for data processing. The luminescent converter to detect fast neutrons was made of a mixture of polypropylene resin and ZnS(Ag)(11).
The irradiation room for the FNR-TV was a dark room so that it was easy to set up the camera system of the FNR-TV. A photograph of the FNR-TV system set-up is shown in Photo. 1.
III. FNR-TV IMAGING RESULTS
As for the imaging result of the FNR-TV, two digital correction techniques were applied using the integration of the frame and the shading correction. The sample shown in Photo. 3(a) was prepared for simulating a large explosive separation bolt for the launch vehicle of H-2 type. It is made of steel of a cylindrical step-shape with 3 steps of 60, 80 and 100 mm in diameter and 105 mm in height, and containing O-rings with a diameter of 5 mm and water in the center hole of 20 mm in diameter inside it. The water was used to check the FNR-TV detecting ability of gun powder in the explosive device. To estimate the relative sensitivity of the FNR-TV converter in the JSW FNR-TV and the YAYOI FNR-TV fields, X-ray films (Kodak-SR film) contacted on the converter were exposed. The optical density of the developed films was measured with a density meter Konica PDA-15. Figure 4 shows the optical density of the X-ray film in the JSW FNR-TV field as a function of the integrated target current at the beam current of 50 mA. The relationship between the optical density and the integrated reactor power under the reactor power of 300 W in the YAYOI is shown in Fig. 5 . The relation of the optical densities and the integrated target current or the integrated reactor power is linear in the log-log plot in the region lower than 2.0. The results in Figs. 4 and 5 are represented by a fitting formula : D=bP2.3, where D is the optical density, b the constant and P the integrated target current or the integrated reactor power.
Then the results in Figs. 4 and 5 are rewritten like in Fig. 6 , where the horizontal axis was changed from the integrated target current and the integrated reactor power to the corresponding exposure time.
The corresponding exposure time in the JSW was obtained by dividing the integrated target current by the beam current of 50 mA, while that in the YAYOI was obtained by dividing the integrated reactor power by The FNR-TV images in the JSW and the YAYOI were compared using a same iron block shown in Photo. 4(a). Dimension of the sample is 9 cm in height, 13 cm in length and 9 cm in thickness and has a penetrated hole of 2.5 cm in diameter, therefore the minimum thickness of the iron block is 6.5 cm. Three different specimens of iron, polyethylene (PE) and Al of 15 mm thickness were set in the hole. In the experiment at the JSW, three kinds of iron block were prepared, whose thickness were 5, 7 and 9 cm. The FNR-TV imaging results obtained in the JSW are given in Photo. 4(b)~(d).
As shown in Photo. 4(b) and (c), three specimens in the iron block of 5 and 7 cm thickness can be distinguished, but the specimens in the 9 cm thick iron block are scarcely observed as shown in Photo. 4(d). However three different specimens are clearly identified in the image obtained in the YAYOI as shown in Photo. 4(e).
The clearness of the image of the 9 cm thick iron block obtained at the YAYOI was almost equal to that of the 5 cm thick iron block obtained at the JSW. This was attributed to the fact that the luminescence intensity of the FNR-TV converter in the JSW is quarter of that in the YAYOI.
Contribution of r-rays in JSW FNR-TV Field
As the FNR-TV converter is sensitive to r -rays , it is necessary to estimate their contribution in the JSW FNR-TV field.
To estimate the sensitivity of r-rays, the converter contacting the X-ray film was exposed with "Co r-rays. The irradiation field was 165 cm distant from the source point where the r-ray dose rate was 130 mGy • min-1.
The measured optical density of the X-ray film is shown with respect to r-ray dose in From these results the corresponded r-ray dose for the "Co and the FNR-TV fields are 100 and 20 mGy, respectively.
To get the same optical density in the X-ray film, it requires five times r-ray dose in the "Co field compared with the JSW FNR-TV field. Therefore the contribution of r-rays in the JSW FNR-TV field is estimated to be 20 % of the total luminescence of the converter. It took about 7 h to get image using the CR39 track etch method, while the image of the same object was taken within only 20 s using the FNR-TV.
The FNR-TV system was successfully applied to an industrial application such as a nondestructive inspection of a fire extinguisher with a diameter of 10 cm quickly.
Three different specimens in the iron block of 7 cm thickness (the minimum thickness was 4.5 cm) was able to be distinguished, which were made of iron, polyethylene (PE) and Al of 15 mm thickness.
However the FNR-TV imaging result of the simulation model of the large size explosive device with a diameter of 10 cm prepared for space technology was not so good as the image taken with the CR39 track etch method.
The reason was that the luminescence intensity of the converter was a quarter of that in YAYOI.
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